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(54) t Title of the Invention 1 
(57) [Summary 1 

oxide without co-products. 

ISOuctuie) / ^f,„„ ,Mcti(mof «6pylo».l>y<'«8«»' an'' 

Pxopylene oxide ts obtained ftom » ^ ^ a 

crystalline dtanosilicate. 



[ Claims ] 
[ Claim 1 1 



A i«hod for .nanufacturing propylene oxide, which is chax3«en2«l byjhe f^t 

[ Detailed Description of the Invention ] 
[0001] 

Which ^'^^^r^.t role indus-iaay . a «,r,i.g n-areriai for poiypropyiene 
glycol and the like. 

[00021 

'"""^n.ea.odsforn^nu^pn.pyicneo^^inciu.^^^ 
proce^. whe^in calcium chloride ia produc«l as a byproduct *e H^^^ 
S -bum alcohol and styK-e monomer, ^ co-pnxi«c«». and a pe.3ceac acd 
process, in which acetic acid is co-produced. 

' \ meU-od Wherein a hyd.operp«de is used as '-'^^^^^r^'^ 
a crys-le ti-a»,siBca« is used as a caalyst is also known (see, for exan^le. US 

Patent 4,833,260). 
[00041 

[ Problems Whidi the Inveniion Is Intended to Solve 1 _ 
However in the ,bove-m«.fidned chlorohydrin process, the chlonne was 
„^^ay Since dehydrochlorinaaon with a Umee^^^^ 
p^.,nd,helargeamoun.sofcalciumd«o^ep»^^^ 
required treatment m the Halcon and peraceac aod processes, an ^ 
2 toe amounts of coprodocts was required, and processes mvolvmg the use t*^ 

posing problems of economy- 
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• r 0005 1 

It was therefore desirable to develop a highly selective method for 
manufacturing epoxy compounds, which would not produce co-products and would not 
entail the use of high-cost hydroperoxides as starung materials. 

[00061 

r Means Used to Solve the Above-Mentioned Problems 1 . , 

As a result of painstaking research concerning the above, the inventors 

discovered that by bringing about a reaction of propylene, hydrogen, and oxygen usmg 

ar^^cbmpriLgaGroupVmmetalfro^ 

dtanolicate. propylene oxide could be obtained with high ^^^^ 

at the present invendon. 

' IpecificaUy, fte present invention offers a meAod for n«n»&cturi,« propylene 
oxide, whkh is chaxac^ized by me fact d«t . 'reaction of ^'^•^^J'^-^ 

periodic table and a crystalline StanosiUcate. 

' ke method which pertains to the present invention win be descri^ 
detail below. 

^ I the method which pertains to the present invention, a catalyst compnsinga 
G™, vm metal ftom the periodic table and a crystalline titanosilicate « usei The 
titanLe^ «ferr«i .0 here is obtained by substiti^tion of a por«on of the s^ 
which forms the crystal lattice of -Silicalite- (crystalline SiO, havmg a jeoUte^ 
Loure. develop by E. M. Flanigen (Nature. 271. 512 (1978)) ma»ly wt^ _ 
^„m The ti^osiHcate may be synthesized by any desired m«h^;»^ 
synthesis ia disclosed in Japanese Uid-Opea Patent AppUcation 5«-96m l*e ^o™' 
oVtitanium contained in said titanosilicate may be defined as <1« '^f 
Liar), andsaidsillca/titaniaratioshouldbeavalueof 5 .0200. ^^'^^'.^ 
L J i, ,00 low the activity of the catalyst will be insufficient; ^^^^^^^^ 
hish the titanosilicate crystal structure will rupture. Components of fte titanosOtcate 
axe hot restricted to titanium; one or more additional elements such as boron. 



PHOSPHORS, v^iu., —^ 
may also be contained therein Without Ul effect. 

t*''^ ^ • A. nresentinveniiott, a catalyst comprising a 

any of the G«»p vm metals may be " ^ ^ toe 

Typical — -.31 may suppon^a on 

Ae crystalline ntanosiUcate. or tot suppoHM There aie no paiticiilar 

U„ lil^ and then physicaUy nnxC — ^ a Group 

method or the like may be used. 

' I. w,-. able Group VIH metal content, with respect to the titanosUia«, 
The periodic table Group vmm ^ jsj^sh^, if ae content 

*<»ld be 0.1 to 10 wt% as metal atoms. Effi«^ "^""^^^^ ftom a. 
Mlsbelow 0.1 wt». and amounts m excess of 10 -° . ^ ^ 

^onomio standpoint ^hen the periodic ta^^^»»p Vm -^^^ 
atanosilicate .Sing an imm«.^roc«s>^-'^^^^^ 
prior ,0 use. ^ „gaxding baldng temperanire and 

^..aining gas. There - "° J^^^^"^ ^ Hours is sadsfictory. When 

^auction is performed, there a« no^ ^ ^ ^„ced; 

0, the reduction tetnperamre '^J^^Z S<es <^ ^ hours usi^g hydrogen as 
reduction at room temperature to 500 C for 30 mmuBs . 

a reducing agent is satisfactory. 



prepared cataly« may be used wiAout modifieadon or by adding a dUuent 
such as sm« or alumina prior to u« in reacdons. The prepared Group vm meol- 

«,U« catalys' may be reduced under a hydrogen^onta^ung gas flow pr,or 

to use in reactions. 

' """If necessary, a solvent may be used wh» brining about a reaction. 

solvents sLC^, alcohoU having a carbon number of 6 or less. I=e«»es, glycol.. 

and caiboxyUc acids may be used as solvents. 

' ^^'^llie reaction process may be of a continuous flow, semi-batch, or batch type; a 
continuous flow process is preferable from a productivity standpomt. 

' •"'^ m reaction temperamre Should be 0.O150-C. and preferably 10 If 

. solvent U to be used and the reaction temperamre exceeds the boiling pom. of »d 
scTv^t. the reaction may be brought about after pressurixation. ^'""JT^ 
Lotions regarding the reaction pressure, but U is ordinarily wthm d,e rang, of 
normal pressure to 200 atmospheres. 



' l the method which pertains » the present invention oxygen U used as one of 
a,e starting material, for ttK reaction. It is possible to use an oxygen^ontaimng gas 



such as air. 



^ nere are no particular relictions regarding d,e amounts of me 
materials contained in the gas. [A mixmre on 10to50vo,« P-Py^«^'«^;^ 
40 vol% hydrog«. (H,). and 5 to 50 vol« oxygen «», '""P"' ''JT'^^ ' 
From the standpoint of safety, it is desirable for the contamed — '^^^^ 
starting materials to be outside of U« explosive range. Uhe gasl may be dduted «.h 
an inert gas such as hydrogen. 
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of d» caolyst such that the titaniura/propylene ratio is 0.00001 to O.l. 

' L time M tor "-"io" ™J ^ '^'^ °" " 
, r ZHhe total volutne of the CiH.. a. Oi, and ino, gas per 

rrr^Lt^oi^Seh^fUrahhre^ 
40,000 hr» (20*0 is satisfactory. 

[00211 

^^jS^t— n-Uispossihletoohtalnpropyleneo^tle^^^ 
^!:.Ltcopro.ucts.ai..ith,..h.t.^M^^^^^^ 

>,K! the tevetition is therefote highly sigtuficaM to 
[0(B21 

' "^^TJvention ^ ^ described i« further detaU below through ^ 
e^mpS.^ *«e ^ intended .nerely to describe the present invenuon. »hich 
is not limited to these practical examples. 

/^l^'i^havingasiUca/ti.aniaratioof67(asde^^ 

^^etry) was prepared according to the 
^ppUcadon 56.96m and a tetraammmep^^^^ 

of the palladium atoms reached 0.5 «t% with resume 

^ ™ milted by stirring for one hour, evaporated ^^• '^ 
under a dilute 5« hydrogen gas flow for one hour to yield a catalyst. 



L™al pr«s««. U,uid ph^se. co— now «ac^on device «s u«d ..r 
the reaction. 

1 0024 1 J J -..^ mT 1 -hutvl alcohol, and C3H6, Hi, 



[00251 



for propylene oxide and 1.4% for propane (CjH.). 
100261 

PracticalExaxnples 2 and 3 as in Piactic^ 

Reactions were brought about by the same proceaur on and 40 

^ r, tr ru were suooUed in amounts of 60, 80, ana w 
with the exception that C,H*. H., and Or were ^PP^^ ^^^^^ 
mmol/hr and 60, 40 and 80 mmol/hr respectively. Results five hours 

the reactions are shown in Table 1. 

[00271 
[Table 11 





Starting Material Ft 
(mmol/hr) 
— T r « 


!ed 


P0»> 
(mmoi) 
0.67 


Select! 
PO*> 


vity (%) 
C3H8 


Practical 
Example 2 


^ C3H8 


"2 _ 

80 


Ol 
40 


92.0 


8.0 


Practical 
Example 3 


\ - 

j .60 


1 40 


1 SO. 


1.83 


99.1 


.0.9 



•^Propylene o»de 
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R.„don, wc» brought abouv y J--^^ 

wi* U» exception m caulysu m ^^^'^^^^ l^ ^. five 
^ «, fl« tiOflosmcate *ere 2 and 5 ^«% r«P«a y 
uiia^ion of fl.e r«=tion. a« shown « Table 2. 

100281 
[Tablell 



) Supported Pd 


P0»> 
(nuaol) 


SelecQ 
PO*> 


CjHg 


Practical ! - 2 
Example 4 ' 


0.45 


99.1 


0.9 


Practical 5 


0.37 


>99.9 

• 


tr. 


»>Piopylene oxide 



pncticslEMBiples 6ihrough9 ...^„„roce<iuie as in Practical Example 1. 

with the exception that . utanostoate havmg ^ ^^p^ratures were set at 25. 

shown ia Table 3. 
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[0029] 
[ Table 3 ] 





ReactioD 
Tempeiaiure 

CO 


PO»> 
(mmol) 


Selectivity (%) 


P0») 


CjHs 


Practicai 
Example 6 


25 


1.51 


98.8 


1.2 


Practical 
Example? 


45 


2.16 


98.8 




Practical 
Examples 


65 


1.37 


98.1 


1.9 


Practical 
Example 9 


1 82 


1.06 


98.3 


1.7 



»)Propylene oxide . 



Practical Example 10 . , e i. i 

A reaction was brought about by the same procedure as in Practical Example 1. 
with the exception that a titanosilicate having a silica/titania ratio of 33 was used as the 
dtanosilicate supporting the palladium, and water was used as a reaction solv«it. Five 
hours after initiation of the reaction, 1.56 mmol propylene oxide was obtamed^ 
Selecti^ity of the products at the fifth hour after initiation of the reaction was 99.8% 
for pnx>ylene oxide and 0.2% for propane. 

[ 0030 1 - 

Practical Examples 11 and 12 ^ 

Reactions were brought about by the same procedure as in Practical ExMiple , 
^th4heexception that catalysts in which titanosilicate having a silicaAitania tatio of 13 
supporting the metals palladium and platinum (supported % - 0.5 wt%), respectively, 
were used. Results five hours after initiation of the reactions are shown m Table 4. 



[00311 
[ Table 4 ] 





Supponed 
Metal 


P0«> 
(mmol) 


Selectivity (%). | 


PO*) 


C3Hg 


Practical 
Example U 


Pd 


3.72 


99.8 


0.2 


Practical 
Example 12 


Pt 


1.25 


9U 


1.2 



*)propylene oxide 



""1^ 1 trou^ ^^^^ Pr-d.« a. in PnCcl 

caalys. <ma«uf^ by Engeftaxd) reduced w,* hyd™g» 
: 150.C and 1 , of a titanosiUcate having a ^^^^^ 

u«d«ihe«italya. Five hours afier taitiafion of the reacaon, 1-36 "'■nol propy^e 
:H * Jed. Sel«=ivity of ..e produce a, U» hour after «u^« of ^ 
reaction was 99.8« for propylene oxide and 0.2« for propane. 

[ Brief Description of the Figures ] 

'"'"Vi 1 shows a graph describing the relationship t't,~,e 
propyleL o«de production in ti,e propylene epoxidation process of Praccal Example 

1. 
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